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ABSTRACT 
Diacetone Gulosonic Acid (DAG)  is a known aerobic refractory compound. 
It was shown in this work that DAG can be degraded in an anaerobic con- 
tact bed with activated carbon as a media.   It was also shown that under 
the same conditions, DAG did not degrade in an anaerobic contact bed 
with inert anthracite coal as a media.   Through several trial periods and 
loading rates, the enhancement of DAG removal due to the presence of 
activated carbon was shown. 
Investigations were conducted using three columns with COD loading of 
3 0.59 to 0.89 Kg/day/m   and hydraulic detention from 57.4 hours to 
28.7 hours.   The influent substrate was an easily degradable material, 
Fluid Thiglycollate Medium (FTM), plus the refractory DAG.   The DAG 
influent concentration varied from 200 mg/l to 600 mg/I. 
Throughout the one year of pilot plant operation, DAG was consistently 
removed in the activated carbon contact beds up to the 600 mg/l DAG 
level and at this influent DAG concentration, a first degradation product, 
Monoacetone Gulosonic Acid (MAG), appeared in the effluent.   The COD 
removal in the activated carbon contact beds varied from 75-94%, de- 
pending upon the loading and detention times. 
\ 
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1.     INTRODUCTION 
A pharmaceutical company, Company X, manufactures many organic 
products.   One product, synthesized via a six step process beginning 
with dextrose, results in a large volume of wastewater.    Numerous 
intermediate organic compounds are formed in this synthesis, and 
many are cyclic compounds.   One of the compounds prevalent in the 
wastewater from the manufacturing process is Diacetone Culosonic Acid 
(DAG).   The structure and molecular weight of DAG are shown in 
Figure 1. 
At Company X, a two-stage activated sludge wastewater treatment plant 
is used for the combined industrial and sanitary wastewaters. The pre- 
sent treatment plant capacity is 2 million gallons per day.   A flow 
schematic of the wastewater treatment plant is shown in Figure 2.   The 
treatment plant is highly instrumented with a great deal of control exer- 
cised over the operation in order to meet the National Pollutant Discharge 
Elimination System (NPDES) permit limitations.   Normally Stage 1 of the 
activated sludge process is operated with a food to microorganism ratio 
(F/M) of 0.2 and a solids retention time (SRT) of 10-12 days.   Stage 2, on 
the other hand, is run at an F/M ratio of approximately 0.02 and a SRT of 
20-22 days.   It has been shown conclusively that even under optimal con- 
ditions, some of the cyclic organic intermediates mentioned above are not 
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biodegraded under aerobic conditions.   DAG is one of these compounds. 
The company has investigated activated carbon to treat compounds such 
as DAG,   The company investigated the use of granular activated carbon 
following the two-stage activated sludge process and the use of powdered 
activated carbon in the second stage of the activated sludge process.   The 
following broad conclusion can be made concerning the use of activated 
carbon, per se, at the wastewater treatment plant of Company X: 
Activated carbon used either after or in conjunction with the 
activated sludge process will significantly enhance soluble 
organic removal efficiencies.   However, removal of the cyclic 
intermediaries, such as DAG, is very poor and large quantities 
of activated carbon are required. 
This is unfortunate since the organic cyclic intermediates constitute a 
large portion of the soluble organic compounds remaining after the 
activated sludge process.   The poor removal of these molecules when 
using activated carbon may be due to the low molecular weight and 
polar nature of these compounds. 
Since DAG proved very difficult to degrade aerobically, it was hypoth- 
esized that DAG might degrade anaerobically since some compounds 
2*3   fiH  37 
show better degradation under anaerobic conditions.     '     '       Anaerobic 
contact beds were chosen as the process for this investigation because 
-5- 
of process stability, ease of operation, and design potential.   If success- 
ful, this study would be beneficial to Company X and other firms with 
similar problems by providing a treatment process for a refractory com- 
pound and possibly a whole family of compounds.   Another aspect of the 
research was to investigate the potential enhancement of DAG removal in 
the anaerobic contact bed due to the presence of activated carbon. 
The research undertaken first investigated the degradation of DAG, a 
refractory compound, in an anaerobic contact bed.   The beds were run 
under several operating conditions to study removal and operating 
parameters.   A concurrent phase of the research investigated enhance- 
ment of DAG removal in the anaerobic contact beds due to activated carbon 
-6- 
2.     LITERATURE  REVIEW OF ANAEROBIC TREATMENT 
By the mid-1920's anaerobic treatment was fully recognized as a separate 
o 
unit process in the waste treatment field.     The process was carried out 
in a single tank and was used to further treat sludges obtained from pri- 
mary treatment and secondary treatment.   The treatment of these sludges 
anaerobically was advantageous since nearly half the organic matter was 
converted to gas and the dewaterability of the remaining material was im- 
proved.   Researchers knew as early as the 1920's that there was an alka- 
line phase (now called methane forming phase) and an acid phase (acid 
8 forming phase) involved in anaerobic digestion.     Anaerobic treatment 
of sludges grew in popularity and is still the most common method used 
for sludge treatment in municipal wastewater plants. 
During the 1950 decade researchers defined process control parameters 
more clearly for anaerobic sludge digestion.   Gas chromatography methods 
22 
were developed to measure CH  , CO , NH^, and rLS in the gas,      and 
69 
the importance of the volatile acids and their measurement was defined. 
Both items greatly improved process control procedures. 
In spite of this progress, digester failures were still occurring and there 
was a lack of understanding of the biochemistry involved in the process. 
During the late 1950's and early 1960's researchers such as Jeris and 
McCarty defined the process biochemistry through use of isotope 
-7- 
28  45 tracers.     '       This work led to an understanding of the reactions in- 
volved, the relative   importance of the intermediates, and the mechanisms 
by which the end products were formed.   Process kinetic models were 
developed based on the rate controlling methane forming bacteria.   With 
the reactions and kinetics well defined, researchers began to study en- 
hancement and retardation of the biochemical reactions.   McCarty ques- 
tioned the belief that high volatile acids concentration was the cause of 
digester failure.   He showed that high volatile acids concentration was 
the result of and not the cause of digester imbalance.     '       In 1964, 
Lawrence, McCarty and Gueria investigated the effect of su I fides on an- 
35 aerobic treatment.       They found that soluble sulfide concentration does 
affect digester performance.   They developed kinetic relationships for 
the distribution of soluble sulfides between liquid and gas phases as a 
function of the digester pH arid temperature.   It was further shown that 
the soluble sulfides could be controlled using a metal salt to precipitate 
excess sulfides.   Simultaneously, other researchers were showing that 
34 heavy metal bio-toxicity could be controlled by the addition of sulfide. 
Procedures were developed to isolate and identify anaerobic and faculta- 
tive bacteria in the digestion process.   McCarty, McKinney, Kugelman, 
and many others investigated the various toxic or enhancement effects of 
volatile acids and other ionic species such as Na, NH  , K, Ca, Mg, Fe, 
32  49 2  50 43 Zn, Cu, andNi.     '     '   '     '       Pohland and Bloodgood studied mesophilic 
58 
and thermophilic anaerobic sludge digestion.       They also quantitatively 
-8- 
defined the role of alkalinity in the overall reaction.   Process kinetics 
based on the Monod model showed the importance of solids retention 
time (SRT). 
As early as 1949, A.M. Bushwell developed design loading factors for 
anaerobic treatment of slaughterhouse wastes to achieve 60-80% BOD 
removal.     This paper marked one of the first attempts to treat a liquid 
waste with less than 1% solids concentration using an anaerobic process. 
Several researchers in the 1950's conducted similar experiments on similar 
16   fifi high strength organic waste streams.     '       All experienced solids separ- 
ation problems and instability with shock loadings.   Once the research 
of the 1960's defined the fundamental bio-chemical reactions, it became 
apparent that anaerobic treatment could be used as a process for waste- 
water treatment of the liquid fraction if adequate SRT could be maintained. 
The anaerobic contact process was developed, which, similar to activated 
sludge, maintained an adequate SRT by separating the solids and re- 
m is 21 cycling back to the reactor.     ' ,0'*'   It was found by many researchers 
that good treatment could be achieved for a dilute wastewater, provided 
the solids could be separated and recycled.   Many different schemes were 
attempted and methods are still being developed to adequately separate 
the solids.   Recently Massey and Pohland have taken this process aspect 
one step further and proposed one solids recycle for the acid forming 
40 phase and a separate solids recylce for the methane forming phase. 
-9- 
In 1967 Young and McCarty introduced the anaerobic filter Cor contact 
bed) which eliminated the solids separation problem.       By using a con- 
tact bed, they showed that a dilute wastewater could be treated with 
relatively short detention periods, normal temperatures, no sludge re- 
cycle (hence no solids separation) and no sludge wastage.   Inherent in 
this design is a very high SRT.   Since 1967, other researchers have con- 
24 firmed the findings of Young and McCarty. 
In summary, anaerobic treatment has been used to treat wastewater 
sludges since the 1920 era.   The reactions and control parameters were 
not well defined until the 1950-60 period.   Prior to 1960, use of anaerobic 
treatment for the liquid waste stream was limited to a few cases involving 
concentrated organic wastes.    By 1970, the anaerobic contact process 
appeared, which improved maintenance of adequate SRT by solids separ- 
ation and recycle. Currently, the process is not widely used because the 
solids separation problem has not been adequately solved.   In 1967, the 
anaerobic filter was introduced which circumvented the solids separation 
problem, yet maintained the advantages of anaerobic treatment.   Several 
researchers in the 1970 decade have shown the feasibility of using an 
anaerobic filter on a soluble, low strength waste.   Anaerobic processes 
take very little energy, produce much less sludge than an aerobic process, 
and produce methane, a usable gas.   In an era of energy awareness, an- 
aerobic treatment should see more application. 
-10- 
3.     EXPERIMENTAL DESIGN 
The primary objective of this research was to test the degradability of 
a refractory compound, namely DAG, in an anaerobic process.   The 
process chosen was the anaerobic contact bed, thus eliminating the solids 
separation problem necessary to maintain a high solids retention time (SRT) 
The anaerobic contact bed process is also easier to control and less sus- 
ceptible to upsets.   Phase II of the research studied the enhancement of 
DAG removal when activated carbon was used as the media in the anaerobic 
contact bed. 
There have been techniques developed to test the aerobic degradation of 
6  37 
organic compounds.   '       Company X has performed similar tests and has 
found DAG to be refractory in the activated sludge system.   There is 
evidence, however, that MAG, the first chemical degradation product 
of DAG, is marginally degradable under aerobic conditions.   Figure 1 
indicates the relationship between DAG and MAG during degradation. 
Notice the C-O-C linkage in these compounds which Ludzack found to be 
very resistant to aerobic degradation.   On the other hand, Ludzack and 
others found that organic compounds with hydroxyl groups present make 
37  12 the compound^more degradable.     '       These hydroxyl groups present 
in MAG may be the reason why, under aerobic conditions, MAG is 
slightly more degradable than DAG. 
-11- 
Unlike aerobic treatment, very little is contained in the literature about 
the anaerobic treatment of specific compounds and in particular refrac- 
tory compounds.   Hill and McCarty did demonstrate that certain chlor- 
inated hydrocarbon pesticides show better degradation potential under 
23 
anaerobic conditions than under, aerobic conditions.       Also, at Drexel 
University a serum bottle technique is being used to screen compounds 
64 
that will degrade anaerobically.       In light of the chemical structure of 
DAG and a meeting with Dr. Speece of Drexel University, it was hypoth- 
esized that DAG would degrade anaerobically.   To test this hypothesis, 
this emperical study was performed where DAG was added to a synthet- 
ically degradable wastewater and fed to anaerobic contact beds. 
Operation of the anaerobic units followed the procedure of Jennett and 
Dennis who investigated the feasibility of using an anaerobic contact bed 
24 process to treat a degradable pharmaceutical wastewater.       In their work 
3 
the loading ranged from 0.22 to 3.52 Kg COD/m  /day  (13.8 to 220 lbs 
3 
COD/1,000 ft /day) and the hydraulic detention from 12 to 48 hours. 
These loadings were based on the entire liquid reactor volume.   The 
same measure of reactor volume was used in this study.   Based on the 
work of Jennett and Dennis, the starting point for this work was a load- 
3 
ing of approximately 0.6 Kg COD/m /day and a hydraulic detention of 
approximately two days.   Also, start-up of the units was improved by 
-12- 
seeding the lower one-third of the units with supernatant from an oper- 
ating anaerobic digester.   This technique was based on the work of 
Young and McCarty. 
As stated earlier in this section, this work also studied the enhancement 
of DAG removal in an anaerobic contact bed when granular activated car- 
bon was used as a media.   Contradictory reports have appeared in the 
literature concerning enhancement of biological activity in "aerobic fil- 
ters" because of the presence of the activated carbon.   Some workers feel 
that because of the increased surface area of activated carbon, there is 
a concentration effect due to adsorption onto the carbon.   The concentra- 
tion effect, in turn, enhances biological activity for both degradable and 
possibly refractory compounds.   Work supporting this point of view has 
3 29 been done by R.L. Johnson and P. Anderson at Lehigh University.   ' 
A report by Lowry and Burkhead     concluded there was no enhanced 
removal in aerobic biologically extended activated carbon columns com- 
pared to identical columns using sand or coal as media.   The conclusions 
reached by Lowry and Burkhead appear reasonable when using a degrad- 
able wastewater.   However, a refractory compound might not behave the 
same way.   Nothing appears to have been reported on the removal en- 
hancement in an anaerobic contact bed which characteristically has a 
high SRT.   If a compound adsorbing onto the carbon is refractory, the 
high SRT should enhance degradation of that compound. 
-13- 
4.     PROCEDURES AND EQUIPMENT 
4.1      Anaerobic Contact Beds 
Three anaerobic units were built from 1.83 m (6 foot) lengths of plexi- 
glass tubing.   The columns had an outside diameter of 26.3 cm (8") and 
an inside diameter of 19.37 cm (7.625") .   The top and bottom of the fil- 
ters were bolted to the column body using a rubber gasket for a seal. 
The inlet to the columns and sample ports were 0.95 cm (3/8") stainless 
steel provided with needle valves.   The location of the inlet and sample 
ports is shown in Figure 3, which is a schematic of one of the columns.   A 
temperature probe was also provided on each column.   A dispersion plate 
was placed in the column between the gravel and the filter media.   This 
dispersion plate was aluminum with 0.95 cm (3/8") holes evenly distribu- 
ted over the plate.   The liquid and gas outlets were located on the columns 
as shown in Figure 3.   Locating the liquid outlet so close to the gas out- 
let caused some operational problems in taking gas readings.   Notice in 
Figure 3 that a port was installed to allow for nitrogen purging of the 
column.   This became important because on several occasions the media 
clung together near the bottom of the column and moved upward like a 
"piston".   By connecting a nitrogen cylinder to this port, this media 
adhesion could be broken and normal operation could be resumed. 
A uniform particle size was selected for the media in the columns.   All 
three columns had 15.2 cm (6") of gravel below the dispersion plate. 
.  -14- 
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Fig. 3 Anaerobic Contact Bed 
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The grave! size was 1.27 to 1.90 cm (.1/2" x 3/4"), Columns 1 and 2 had 
1.22 m (4 ft) of activated carbon above the dispersion plate. The activa- 
ted carbon was Filtrasorb 300, with an effective size of 0.8 - 0.9 mm and 
a uniformity coefficient of 1.9 - 2.4. Column 3 also had 1.22 m of media 
above the disperson plate. The media in Column 3 was Anthrafilt Special 
1i. The anthracite coal had an effective size of 0.8 - 1.0 mm and a uni- 
formity coefficient of 1. 6 or less. 
All three columns were installed in a constant temperature chamber.   The 
specifications and a picture of the chamber are shown in Figure 4.    In 
the chamber a 1,500 watt heater was provided with thermostat control 
range of 10-35 C.   Temperature in the chamber was maintained at 
approximately 32 C. 
4.2      Feed System 
Each column had a separate feed system using a 26.5 liter (7 gallon) 
plastic feed pot and metering pumps.     The pumps had a rated capacity 
2 
range of 1 cc to 115 cc per minute against 11.25 Kg/cm  .   These pumps 
were well suited for this use as long as the feed wastewater was totally 
Calgon Product 
Unifilt Corporation Product 
CModel 210-5R, March Mfgr. Co. 
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SPECIFICATIONS FOR THE ENVIRONMENTAL CHAMBER 
1. Chamber of wood frame and plywood insulated on the inside. 
2. Front of plexiglass with two 4 foot high doors. 
3. Pump chamber open in the front. 
4. False floor one foot off ground. 
5. Building support for columns one foot out from wall using clamps 
to hold columns in position. 
Fig. H    Constant Temperature Chamber 
-17- 
soluble.   Originally each pump was set at the desired rate according to 
the rating curve.   It was soon realized the pumps did not retain calibra- 
tion because of the small quantities being pumped and fouling of the pump 
intakes.   To rectify this problem and maintain the daily organic loading 
on the columns, the pumps were operated each day until a certain volume 
was pumped into the columns (approximately 18-20 hours) .   Ultimately, 
timers were placed on each feed system which operated the pumps for 
approximately two minutes in every ten minute period.   This allowed 
the pumps to operate at a higher rate over a longer period of time. 
Throughout the study a degradable substrate was mixed daily in the 
feed pots along with NaHCO   and varying amounts of DAG.   At first the 
degradable substrate used was Sustacal.     The nutritional values of 
Sustacal, along with the ami no distribution, are shown in Appendix 
A.   Also, in Appendix A is a dosage curve to convert ml/I Sustacal 
to mg/l COD.   Sustacal is a liquid which has the consistency of a 
milkshake.   A known amount of Sustacal, depending on the desired 
COD, was added to the feed pots daily.   Unfortunately, the feed pots 
were not refrigerated and in 2H hours on hot days, the Sustacal would 
begin to coagulate.   This tended to foul the pumps and lines leading to the l
a 
Mead Johnson Product 
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anaerobic columns.   This problem became so aggravating that a new sub- 
strate was substituted during the initial start-up period. 
After reviewing several sources,64,5,53,11 a media was selected which is 
specially formulated to promote anaerobic growth.   Bacto-Fluid Thiogly- 
collate Medium (FTM),    appeared to be ideal since it was totally solu- 
ble, nutritionally balanced for anaerobic growth, and did not deteriorate 
appreciably in 24 hours.   FTM is a powder that is readily dissolved 
in warm water.   The constituents in FTM are shown in Appendix A as 
well as a dosage curve.   The day-to-day procedure for feeding the an- 
aerobic columns is discussed in the next section. 
4. 3      Start-Up and Operation 
Media was placed in the columns by first putting in the 15.24 cm of gravel 
and then the dispersion plate in each column.   In Columns 1 and 2, 121.9 
cm (four feet) of activated carbon was placed above the dispersion plate. 
The same height of anthracite coal was used in Column 3.   Each column 
was then backwashed at a rate of 9.5 to 13.6 liters per minute (2.5 to 
3.6 gallons per minute) for at least 48 hours.   This backwash rate did not 
totally fluidize the bed but some movement of the carbon and coal was 
noted.   In Column 3, the coal fines had to be siphoned from the top and 
more coal added to make up for the loss of fines.   Final height of the 
a 
Difco Product 
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carbon in Column 1 was 118.1 cm and in Column 2, 121.9 cm.   The final 
height of the coal in Column 3 was also 121.9 cm. 
All three columns were then installed in the controlled temperature cham- 
ber.   A solution of Na_S03 (10 mg/l) was then pumped to the columns to 
eliminate any oxygen that may have been present.   After two days of feed- 
ing Na_S03 to the columns, each column received a solution of Sustacal 
that had a COD of 1,000 mg/l.   The columns were now ready to be seeded. 
The supernatant from a municipal anaerobic digester was obtained and 
the lower one-third of each column seeded via the bottom inlet valve in the 
columns.   Approximately 13.5 liters of seed was pumped into each column. 
Once the columns were seeded, normal operation of the anaerobic contact 
beds proceeded.   At first, Sustacal was used for substrate by mixing a 
predetermined amount with water to produce the desired COD (see Ap- 
pendix A for dosage curve) .   The liquid Sustacal was mixed with potable 
water in the feed pot to the 26.5 liter (7 gallon) mark.   Once the feed solu- 
tion was mixed, the feed lines were connected to the columns and the 
pumps started.   When the feed pots emptied to the 7.6 liter(2 gallon) mark, 
the pumps were shut off, regardless of how long the pumps had run. 
After a pump was turned off, the inlet valve to that respective column 
would be closed.   Then the remaining 2.6 liters of feed solution would be 
discarded and the feed pots washed and flushed with water.   Water would 
also be flushed thru the feed hoses and pumps daily.   Periodically, the 
-20- 
feed lines had to be disconnected and flushed, and the pumps taken 
apart and cleaned.   Cleaning became especially critical when using the 
Sustacal feed. 
Once FTM replaced Sustacal, the feeding procedure became simplified. 
A known daily required amount of FTM (Appendix A), DAG and NaHCO 
were weighed and placed in solution in a one liter flask for each column. 
Once the feed pots were cleaned and the pump and lines flushed with 
water, as described above, the one liter flask was added and the feed 
pot filled with H20, the contents thoroughly mixed. 
With the aid of timers, the pumps pumped two minutes out of every 
ten minutes for a total of approximately 18 hours.   The remaining six 
hour period was when the feed pots, etc. were cleaned and new feed solu- 
tion was prepared.   Sampling from the columns was accomplished by plac- 
ing a 100 ml plastic sample container under the liquid discharge after the 
columns had been on the line for approximately six hours.   The pH was 
always determined on the effluent samples at the time of sampling.   Tem- 
peratures were read near the end of the daily 18 hour run.   A log sheet 
was maintained indicating when each pump was started and stopped. 
Gas sampling was accomplished by attaching a gas sampling bulb to the 
gas discharge port.   Gas volume readings were accomplished by con- 
necting the gas discharge to a wet test meter.   The columns were sealed 
from the atmosphere by passing the gas thru a water seal and subjecting 
-21- 
the liquid discharge to an inverted siphon (Figure 3), 
This discussion of operation of the anaerobic contact bed gives a gen- 
eral overview of procedures us-ed to operate the units over one year. 
Specific problems with operation are discussed under specific periods 
in Chapter 5 of this report. 
4.4      Analytical Procedures 
65 The analytical procedures followed Standard Methods.       This included 
all analyses for chemical oxygen demand (COD), biochemical oxygen de- 
mand (BOD,.)/ total suspended solids (TSS), total volatile suspended . 
solids (TVSS), and alkalinity.   Gas volumes were measured with a wet 
test meter.3  Gas composition was determined by gas chromatography 
using a chromosorb packing.   The pH was determined using a pH meter. 
All samples were refrigerated at the time of sampling.    In general, most 
samples were held approximately one week before being analyzed. 
DAG and MAG analyses, which were central to this work, were performed 
using gas-liquid chromatography.   The details of the equipment are 
shown in Table 1. 
Sample preparation for DAG and MAG analysis was very important.   Since 
DAG and MAG are very polar, they must first be derivatized by methyla- 
Precision Scientific Company 
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tion of the carboxyl group.   To accomplish this, the following steps 
were taken. 
1. Effluent from the wastewater treatment plant was flashed to dryness. 
The effluent contains some organics, including DAG and a high 
amount of inorganics.   These flashed down solids are necessary to 
act as a "carrier" for the DAG in subsequent analysis. 
2. A known quantity of solids from step 1 are added to 250 ml of the 
sample to be analyzed.   The resulting mixture was flashed to dryness. 
The DAG in the sample adheres to the solids. 
3. The solids were scraped free of the flask soaked in acetone 
overnight.   DAG and MAG are soluble in acetone. 
4. The supernatant of the acetone solution was then subjected to a 
methylation procedure and injected into the chromatograph column. 
5. Calculation of the amount of DAG and MAG in the sample involves 
a back calculation to account for the large concentrating effect 
in steps 2 and 3 and subtracting the DAG present in step 1. 
Although steps 1,2, and 3 are very specific to DAGand MAG analysis, 
they are necessary to detect low levels of DAG and MAG.   This entire 
method has been documented by Company X and is reproducible. 
-23- 
Table 1 
Specification for Gas-Liquid Chromatography 
Analysis of Diacetone Gulosonic Acid 
GAS CHROMATOGRAPH 
Manufacturer/Model 
Type 
Detector 
Varian 1400 
Single Column 
Flame lonization (Hydrogen) 
COLUMN 
Tubing Type 
Dimensions 
Packing 
Carrier Gas 
Detector Gas 
Stainless Steel 
182.9 cm x 3.18mm O.D. 
10%XE-60 (Silicone Rubber, 
25%-2-Cyanoethyl) 
On Gas Chrom Q (80/100) 
Nitrogen, 60 cc/min. 
Hydrogen, 30 cc/min. 
Air, 300 cc/min. 
~2H- 
5.     RESULTS AND DISCUSSIONS 
5.1      Acclimation Period 
As discussed earlier, seeding of the columns was accomplished by add- 
ing supernatant from a municipal digester to the lower one-third of the 
column.   The acclimation period which followed lasted from March 31, 
1979 until August 30, 1979.   This period was longer than anticipated be- 
cause of carbon adsorption competing with anaerobic biological activity 
for ten weeks.   Figures 5 and 6 show the effluent COD of the two columns 
filled with granular activated carbon.   Each point on these curves (also 
Figure 7) represents the weekly average of the effluent data.   All data 
for this period can be found in Appendix B.   The curves in Figures 5 
and 6 for Columns 1 and 2 are virtually identical with COD breakthrough 
occurring after approximately four weeks.    It then took an additional six 
weeks for the biological anaerobic process to achieve 70-75% removal. 
During this ten week period the biodegradable substrate in the feed was 
Sustacal (see Section 4.3).   As discussed earlier, Sustacal proved to be a 
problem due to coagulation causing clogging of the pumps.   Fluid Thio- 
glycollate Medium (FTM) was substituted for Sustacal on June 30, 1979. 
As shown by Figures 5 thru 7, there were no problems in making this 
switch.   After Columns 1 and 2 had stabilized at 70-75% COD removal, 200 
mg/l DAG (approximately 300 mg/l as COD) was added into the feed.   Dur- 
ing the last eight weeks of the acclimation period when the feed was made 
-25- 
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up of both FTM and DAG, the loadings in Column 1 and Column 2 were 
3 
0.63 Kg/day/m   and removal efficiencies were 80% and 83%, respectively. 
In contrast to Column 1 and Column 2, Column 3, which had inert anthra- 
cite coal as a media, acclimated within 30 days after seeding.   Figure 7 
shows that at the end of this 30 day acclimation period, Column 3 pro- 
vided 90% COD removal.   Since acclimation proceeded rapidly in Column 3, 
DAG Was added to the feed earlier than with Columns 1 and 2.   As shown 
in Figure 7, the effect on the effluent was quite dramatic with a 300 mg/l 
COD increase in the effluent.   Toward the end of the acclimation period, 
the efficiency of COD removal had dropped from 90% to 77% in Column 3, 
due to the non-degradation of the DAG added to the influent. 
During this whole acclimation period, the temperatures in the columns 
were well maintained.   The average temperatures in Columns 1,2, and 3 
were 34 C, 34 C, and 33 C, respectively.   Throughout the study Column 
3 appeared to be 1°C lower than Columns 1 and 2.   The cause was prob- 
ably the position of the heater in the temperature control chamber.   One 
exception to these constant temperatures occurred on May 7, 1979 when 
the thermostat on the heater malfunctioned, raising the temperature in 
the columns to 43° C for 24 hours.   The next day the temperatures in the 
o 
columns fell to 27 C while the heater was repaired.   It was not until 
May 9, 1979 that the temperature stabilized.   Effluent analyses during 
this time showed no interruption in the level of treatment. 
The hydraulic detention in each of the three columns was 57.8 hours, 
-29- 
based on the liquid reactor volume.   As mentioned earlier, the pumps 
used to feed the columns were difficult to maintain at constant rate, so 
early in this period a constant volume approach was used to feed the 
columns.   That is, 26.5 liters (seven gallons) of feed solution would be 
made up for each column daily and when 18.9 liters (5 gallons) was 
pumped into the column, the pump would be shut off.   This amounted 
to approximately twelve to fifteen hours of run time per 24 hours in the 
acclimation period. 
As noted in Figures 5 thru 7, NaHCO, was not added to the feeds of 
Columns 1 and 2 until April 30, 1979 and Column 3 until May 4,  1979. 
Prior to the addition of NaHC03, the pH of the effluent of Columns 1 and 
2 was below 6.5 and that of Column 3 below 7.0.   Studies in the literature 
have shown that the total alkalinity as CaCO   should be between 2,500 
H2  57 13 
mg/l and 5,000 mg/l for good anaerobic digestion    '     '      (not necessar- 
ily anaerobic contact beds).   Also workers have shown that total alka- 
linity (TA) should be about 1,000 mg/l as CaCO, greater than the total 
volatile acids (TVA) as acetic acid.     ' 
The problem with low TA is that if the volatile acids increase, they will 
react with available alkalinity to form salts of the acids and release C02, 
thus depressing the pH.   This will have the effect of impairing treatment 
unless sufficient TA is available to buffer the system. 
To acquire a TA of 2,000 mg/l as CaC03, 89 grams of NaHC03 would have 
-30- 
to be added to each feed pot daily.   Since the anaerobic columns had low 
loadings, it was felt that high amounts of TA were not necessary.   Since 
a TVA analysis was not being run (the proper gas chromatography column 
was unavailable during this study) the pH was closely monitored.   When 
70 grams of NaHCO_ were dissolved in each feed daily, the effluent pH 
rose immediately above 7.0 for all the columns.   Subsequently adding 50 
grams of NaHCO   daily to each feed provided a calculated TA of 1,000 mg/l 
as CaCO_.   Several analyses for effluent TA have shown Columns 1, 2, and 
3 to average 1,290 mg/l, 1,285 mg/l, and 1,350 mg/l, respectively, 
during the latter half of the acclimation period. 
Only one set of DAG/MAG analyses was performed during this acclima- 
tion period on August 9, 1979 and August 16,  1979.   The results are 
shown in Table 2. 
Table 2 
Acclimation Period Results for DAG/MAG 
Column  1 Column 2 Column 3 
August 9, 1979 (influent) 206/5 174/1 180/1 
mg/l DAG/MAG 
August 10, 1979 (effluent)        0/56 0/29 115/0 
Some variability was noted in the influent concentration, which should 
have been 200 mg/l DAG.   No DAG appears in the effluent of Columns 1 
and 2, but some MAG appears.   Column 3 appears to show slight degrada- 
tion of DAG. 
-31- 
Period I described below, was a continuation of the loadings at the end of 
the acclimation period with much more intensive sampling.   The acclima- 
tion period afforded time to get the equipment operational and make any 
necessary changes, such as the switch from Sustacal to FTM.   The 
acclimation period also allowed time for any adsorption of COD onto the 
activated carbon to be completed as shown in Figures 5 and 6. 
5.2      Period I 
This period covers operation of the three anaerobic columns from Sep- 
tember 1, 1979 until November 13, 1979 and is a continuation of the oper- 
ation and loadings at the end of the acclimation period.   The feed to all 
three columns consisted of 200 mg/l DAG, 1,000 mg/l FTM and 1,887 
mg/l NaHCO    (1,100 mg/l as CaCO,).   Using the dosage curves in Appen- 
dix A, this feed should have a COD of approximately 1,300 mg/I COD. 
Actual tests of the feeds to Columns 1, 2, and 3 for this period show the 
concentration of the feed to be approximately 1,400 mg/l COD.   This is 
slightly different from the 1,500 mg/l experienced in the acclimation 
period.   This difference is probably experimental error since relatively 
few samples were taken in the acclimation period.   The hydraulic deten- 
tion remained at 57.4 hours for all three columns.   Temperatures and pH 
remained very stable throughout Period I.   The average temperatures in  . 
Columns 1, 2, and 3 for Period I were 34°, 34°, and 33°C, respectively. 
Likewise, the average pH was 7.7, 7.5, and 7.5, respectively.   The 
-32- 
pH never dropped below 7.2, nor above 8.3 for any of the columns.   At 
the beginning of October 1979, timers were installed on each pump which 
allowed the pumps to be run two minutes out of every ten minutes. 
The average run time, that is, the time a pump was on the line before 
18.9 liters was pumped to a column, was 18.9 hours for Column 1, 18.1 
hours for Column 2, and 16.4 hours for Column 3.   There was alot of 
variability in the amount of time the pumps were on because the pumps 
and lines fouled at different rates.   Cleaning of the pumps was performed 
as needed. 
Figure 8 indicates the weekly COD averages for the effluents of all 
three columns.   Note the downward slope of effluent COD for Columns 1 
and 2 and the relatively straight line for Column 3.   As in Figures 5 thru 
7, each point on Figure 8 represents the weekly average of 3 to H effluent 
COD results.   It appears that although DAG addition to Columns 1 and 2 
had started on July 9, 1979, acclimation Of the columns to DAG was not 
complete until October 15, 1979, a total of just over 90 days.   DAG/MAG 
analyses during October 1979 indicate an average influent of 205 mg/l 
DAG and an effluent DAG/MAG concentration of zero for Columns 1 and 2. 
From Figure 8, the effluent from Column 3 indicates no reduction in DAG, 
with an average effluent of 221 mg/l DAG,   This data strongly indicates 
that although loadings were identical, the anaerobic activated carbon 
columns removed DAG and the anaerobic anthracite coal column did not. 
-33- 
■r—.T.- 
L-L 
C9 
a 
T~T~ u. 
r 
!■■■ 
j::. 1..;. i-    ' 
1.'.: 
1  ■ 
1'   ' 
1 
— 
T~ 
" 
• en 
16 
o 
o 
•a 
o 
<u 
a. 
v2 
a 
o u 
c 
<D 
3 
E 
UJ 
CD 
en (0 i_ 
-34- 
This data, along with other pertinent data for Period I, is summarized 
in Table 3. 
Table 3 also indicates BOD,, data.   The BOD_ influent to all three 
columns was approximately 600 mg/l.   Effluent BOD5 from Column 3 was 
the lowest at 20 mg/l, and this column had the highest BODc removal, 
96.5%.   Column 3, however, was only removing the easily degradable 
substrate FTM, which meant the loading in terms of material degrading 
was lower in Column 3 than in Columns 1 and 2, which are degrading 
DAG in addition to the FTM.   It is believed that this difference in degrad- 
ation accounts for the higher BOD   removal in Column 3.   The TSS 
analyses indicate that the average TSS concentration in the effluent from 
all three columns was approximately 20 mg/l (see Table 3).   Throughout 
Period I there were a few days when a high concentration of solids 
appeared in the effluent.   For example, on September 20, 1979, Column 1 
effluent had 160 mg/l of TSS.   This is believed to be due to occasional 
sloughing of the media when a pocket of gas would make its way up the 
column.   Based on the visual appearance of the daily samples, this type 
of occurrence was an exception.   Therefore, the average TSS for Column 
1 for Period I does not include this one high value.   Also, as shown in 
Table 3, the Total Alkalinity (TA) of the influent was approximately 
1,300 mg/l as CaCO   and the discharge from the columns approximately 
1,600 mg/l TA as CaCO  , 
-35-. 
Table 3 
Period I Operating Conditions and Results 
Column Influent 
COD,   mg/l 
COD,   Kg/day/m3 
BOD5,  mg/l 
DAG,  mg/l 
7" (hours) 
Alkalinity,  mg/l 
(as CaC03) 
Column Temperature °C 
Column Effluent 
pH 
COD,  mg/l 
BOD5,  mg/l 
DAG,  mg/l 
TSS,   mg/l 
Alkalinity,  mg/l 
(as CaC03) 1,600 1,640 1,693 
Removal,   % 
COD 88.2 89.7 75.4 
BOD 90.5 92.3 96.5 
DAG 100.0 100.0 0.0 
/ 
Column 1 Column 2 Column 3 
1,403 1,392 1,410 
0.59 0.59 0.59 
632 586 575 
206 205 208 
57.4 57.4 57.4 
1,280 1,307 1,307 
34 34 33 
7.7 7.5 7.5 
166 144 347 
60 45 20 
0 
18 
0 
18 
221 
20 
-36- 
During Period I it was noted that at times during September 1979 the 
feedwater had a reddish-brown hue to it.   On September 18, 1979, the 
total iron of the feedwater was determined to be 12.4 mg/l.   This was due 
to the fact that the building where the pilot plant was located  was at the 
end of the potable water service pipe.   Prior to September 1979, the 
potable water was continually being used.   However, in September 1979 
that use stopped and the water became stagnant.   After instituting a 
continual bleed on the water service, the total iron concentration dropped 
to 0.2 mg/l on September 19, 1979.   No adverse effect was noted on the 
anaerobic columns due to the high iron in the influent. 
Near the end of Period I, attempts were made to measure gas volume 
using a gas manometer and the gas laws.   Other researchers have found 
3 
that 0.36 - 0.42 m   of methane (CH J are produced per Kg of COD re- 
9 
moval.     Also CH   has been found to make up 60-70% of the total gas.   A 
theoretical calculation of the daily gas production at STP (0°C, 760 mm 
Hg pressure) for Column 1 or 2 would be 14.4 I.   The calculation for this 
determination is as follows: 
1,250 mg/l COD reduced/day x 18.9 l/day = 0.024 Kg COD/day 
0.024 Kg/day x 0.39 m3 CH4/Kg = 9.36 I CH^/day 
assuming 65% CH^ in gas, then, 
9.36 I CHf|/day = 14.4 I total gas /day 
.65 
-37- 
Taking into account the 33-35   C constant temperature chamber, this 
value would be slightly higher.   During the latter half of Period I and 
into Period II, many attempts were made to measure the gas volume.   All 
attempts indicated very low levels of gas production, i.e., 1-4 l/day. 
At first an inclined manometer was connected directly to a column. 
After many attempts, two problems surfaced:  1) The inclined manometer 
had plastic fittings which leaked, and 2) the volume allotted for gas ac- 
cumulation in the column was much too small (Figure 3).   The first pro- 
blem was remedied by replacing the inclined manometer with a magnihelix 
type manometer.   The second problem was more difficult to resolve.   At 
first a carboy was inserted between the gas outlet and the magnihelix. 
This, however, still presented a problem because it was too easy to over- 
come the differential head pressure of the trap in the liquid discharge 
pipe.   The trap on the liquid discharge pipe was then lengthened to 38 cm. 
This still did not remedy the problem since every time the magnihelix 
indicated 25-30 cm of H20, the pressure would have to be released.    It 
was hard to judge when this was going to happen because of the unsteady 
nature of the feed system.   Eventually, in Period III, a wet test meter 
was used and it gave satisfactory results. 
In retrospect, Period I was a continuation of the loadings at the end of 
the acclimation period with much more intense sampling.   Figure 8 and 
Table 3 indicate from the COD and DAG analyses, that DAG was degraded 
-38- 
in the anaerobic activated carbon columns, but was not degraded in the 
anaerobic anthracite coal column.   At a COD loading of 0.59 Kg/m3/day it 
took approximately 90 days for the activated carbon columns to acclimate 
to the DAG. 
5.3      Period II 
This period covers operation of the three anaerobic columns from Novem- 
ber 14, 1979 until January 6, 1980.   The influent was identical for all 
three columns.   The difference from Period I conditions was an increase 
in DAG from 200 to 400 mg/l.   The DAG increase produced an influent 
COD of 1,700 mg/l and a COD loading rate of 0. 7 Kg/day/m3.   The 
BOD5, as would be expected, remained the same at approximately 575 
mg/l.   The hydraulic detention, 7**# was maintained at 57.4 hours.   The 
operating conditions and results for this period are shown in Table 4. 
The temperatures within the columns and the effluent pH were consistent 
with Period I.   There were, again, two, two-day periods when the heater 
failed in the constant temperature chamber and the temperature of the 
columns dropped to about 21° C.   Once again there was no interruption 
in treatment efficiency due to these temperature drops.   The pH of the 
effluent from Columns 1 and 2 was consistently 0.4 pH units above that 
of Column 3.   Operationally, the pumps were activated to the columns 
(two minutes per every ten minutes) on the average 17.9 hours to 
Column 1, 17.6 hours to Column 2, and 16.9 hours to Column 3 in each 
24 hour period.   Total alkalinity of the influent was slightly higher and 
-39- 
Table 4 
Period II Operating Conditions and Results 
Column  Influent 
COD,  mg/l 
COD,   Kg/day/m3 
BOD5,  mg/l 
DAG,   mg/l 
*f (hours) 
Alkalinity,  mg/I 
(as CaCO,) 
Column Temperature °C 
Column Effluent 
pH 
COD,   mg/l 
BOD5,   mg/l 
DAG,  mg/l 
TSS/TVSS,   mg/l 
Alkalinity,  mg/l 
(as CaC03) 1,375 1,575 1,550 
Remova I, o. ■5 
Column 1 Column 2 Column 3 
1,722 1,730 1,672 
0.72 0.73 0.70 
578 561 564 
438 435 378 
57.4 57.4 57.4 
1,450 1,496 1,416 
33 34 32 
7.8 7.8 7.4 
108 111 662 
15.8 18.1 16.3 
0.0 0.0 496 
29/22 33/27 26/23 
COD 93.7 93.6 60.4 
BOD5 97.3 96.8 97.1 
DAG 100.0 100.0 0.0 
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the effluent was slightly lower than during Period I,   The TSS in the 
effluent from the columns increased from around 20 mg/l in Period I to 
approximately 30 mg/l in Period II,   The suspended solids were approx- 
imately 75-85% volatile. 
Figure 9 shows the average weekly effluent COD from all three columns. 
Column 3 had an immediate increase in the effluent COD from 350 mg/l in 
Period I to 650 mg/l after the DAG was increased from 200 mg/l to 400 
mg/l in Period II.   Columns 1 and 2 continue to show a high COD reduc- 
tion of 94%, while COD reduction in Column 3 was only 60%.   The apparent 
reason for this difference is the DAG.   As shown in Table 4, DAG was 
biodegraded 100% in Columns 1 and 2, while no DAG removal occurred 
in Column 3.   However, the BOD5 reduction was 97% in all three columns. 
As noted earlier, this occurs because DAG is a refractory and is not 
measured in the BOD5 test. 
As noted in Figure 9, the effluent COD from Columns 1 and 2 increased 
during the weeks of December 17,  1979 and December 24,  1979.   This was 
due to an operational problem with the columns.   On December 18, 1979, 
it was noted that the media in Columns 1 and 2 had separated near the 
bottom, leaving a 15 cm liquid space.   This was similar to the "pistoning 
36 
effect" Lowey and Burkhead describe.       This was the reason for in- 
stalling the nitrogen purge (Figure 3) on the columns.   However, even 
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with the N2 purge, it was difficult to separate the media.   Eventually, 
by draining some of the liquid from the columns, use of 3.52 Kg/cm   N2, 
and rotating the sample ports so as to act as a mechanical delumper, the 
media separated into large clumps.   It should be noted that in all three 
columns, biologicaj, growth on the media was only visibly evident in the 
lower one-third of the columns.   Throughout the entire study, the upper 
portion of the columns had the appearance of virgin material.   The fusing 
together and rising of media described above occurred in this lower one- 
third of media.   On December 26,  1979 the same type of occurrence hap- 
pened to Column 3 and the results for the week of December 31, 1979 in 
Figure 9 reflect this.   When the purging was taking place, minor amounts 
of media were lost.   Also, as is evident from Figure 9, this disruption of 
the media during purging affected the effluent COD for about two weeks. 
It must also be noted that this separation occurred only after nine months 
of operation. 
As in Period I, attempts were made in Period II to determine the volume 
of gas from the gas law relationship.   There were still problems with 
measuring the gas volume, but two sets of samples were taken for gas 
analysis.   The results are shown in Table 5. 
The results indicate a very low overall concentration of CH„ and CO . 
This is believed to be due to the technique used in sampling, allowing 
air to be trapped in the sample bulbs.   The gas sampling bulbs were first 
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Table 5 
Gas Composition During Period II 
Date Column Number  Concentration % by Volume  %CHil.e 
Methane     Carbon Dioxide 
December 12 1 34.0 11.1 75.4 
December 12 1 48.7 16.2 75.0 
December 13 2 .28.9 9.0 76.2 
December 13 2 23.4 6.8 77.5 
December 14 3 35.6 11.7 75.3 
December 14 3 37.6 12.5 75.0 
J% of CH4, C02 Mixture 
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evacuated with laboratory vacuum and then connected to a gas outlet on 
the columns using a flexible hose, a T connection, and a needle valve. 
The needle valve was opened and then the stopcocks on the gas sampling 
bulb were opened momentarily.   Since there was very little pressure in 
the columns, it is very possible the gas in the columns did not completely 
displace the air in the sample bulb.   Also, the samples were normally 
stored for one week before the analysis was run, possibly allowing air 
to leak in through the stopcocks.   Results from later samples in Period 
III indicated that placing the gas sampling bulb in-line for 24 hours was 
a much better technique.   The CH^ fraction of the CH^, C02 mixture 
was approximately 75% for all three columns.   This was somewhat higher , 
than the typical value of 65%, cited in the literature, but was probably 
due to the very specific feed mixture. 
5.4      Period III 
This period covers operation of the three anaerobic columns from 
January 6,  1980 until March 23,  1980.   The influent to Columns 2 and 3 
was increased by 200 mg/l to a total of 600 mg/l DAG.   The influent COD 
to Columns 2 and 3 was approximately 1,950 mg/l COD during this period. 
The detention time remained at 57.4 hours.   The COD loading to these two 
3 
columns was 0.81 Kg/day/m  .   During Period III, Column 1 received ap- 
3 
proximately the same COD loading, 0.89 Kg/day/m  , however, the hy- 
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draulic detention,"7*, was reduced to 28.7 hours by doubling the hydrau- 
lic flow.   This was accomplished by doubling the pumping rate to Column 
1, thus emptying the feed pot twice in 2H hours.   To keep the overall 
loading similar to that of Columns 2 and 3, the DAG and FTM concentra- 
tions were reduced by 50% in the feed.   Th NaHCO, concentration remain- 
ed constant in the feed for all three columns. 
During this period, the analyses of the influent to the columns show some 
unusually low COD results (Appendix E).   These unusual results are be- 
lieved to be a gross error in the analysis.   These values were not included 
in the averages.   Table 6 gives the average operating conditions and re- 
sults for Period III.   As would be expected, the influend COD, BOD_, 
DAG, and "r" values for Column 1 are approximately one-half the values 
for Columns 2 and 3.   The column temperatures were normal except for 
i 
Column 1, which was receiving twice the flow, and resulted in an over- 
all temperature drop of 1-2°C below previous periods. 
Significant during this period was the failure of one feed pump.   For one 
month (February 7, 1980 to March 5, 1980) a common feed pump was used 
for both Columns 2 and 3.   As in previous periods, the feed pumps were 
on the line approximately 18-20 hours each day.   During this one month 
period the common pump for Columns 2 and 3 was set so that 18.9 liters 
of feed solution would be fed to Column 2 first in approximately ten hours. 
Then the feed pump would be switched to feed pot No. 3 and 18.9 liters of 
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Table 6 
J 
Period III Operating Conditions and Results 
Column Influent 
COD, mg/l 
COD, Kg./day/m3 
BOD5, mg/l 
DAG, mg/l 
T" (hours) 
Alkalinity, mg/l 
as CaC03 
Column Temperature °C 
Column Effluent 
pH 
COD, mg/l 
BOD5, mg/I 
DAG, mg/l 
TSS/TVSS, mg/l 
Alkalinity, mg/l 
as CaC03 
Removal,   % 
COD 
BOD_ 
DAG 
Column 1 Column 2 Column 3 
.1,058 1,923 1,947 
0.89 0.81 0.82 
306 604 663 
326 636 609 
28.7 57.4 57.4 
1,240 1,256 1,244 
31 34 31 
7.7 7.8 7.7 
262 289 953 
19.4 15.9 22.2 
0 0 648 
21 31 12 
1,678 1,518 1,547 
75.2 85.0 51.0 
93.7 97.4 96.6 
100.0 100.0 0.0 
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feed solution would be fed to Column 3 during the next ten hours.   It was 
noted that using higher rates for shorter durations caused a temporary 
2-3 C temperature depression in the columns.   It was also necessary dur- 
ing this period to purge N   thru Columns 1 and 2 on February 1, 1980 and 
January 28, 1980, respectively, because of media aggregation.   It was more 
difficult to separate the media this time compared to Period II.   It should 
be noted that any design of anaerobic contact beds should include pro- 
visions for some type of mechanical agitation to break up the possible ad- 
hesion of media. 
Figure 10 shows the effluent COD from the three columns during Period 
III.   Once again, Column 3 showed a steady high effluent COD reflective 
of the 600 mg/l DAG in the feed.   The COD removal in Column 3 was only 
51.0%.   Column 2 showed a steady rise in effluent COD until approximately 
the 350-400 mg/l COD level.   Overall COD removal for Column 2 was 85.0%. 
Considering only the latter half of Period III, when the effluent concentra- 
tion had stabilized, the COD removal was closer to 80%.   Likewise, with 
Column 1, the overall COD removal for the entire period was 75%, but con- 
sidering only the latter half of Period III, it was closer to 79%.   The im- 
portant point to note is that although the detention time CT*)for Column 1 
had been reduced by 50% to 28.7 hours, the COD removal was comparable 
to Column 2 which had a similar loading, but a higher detention time of 
57.4 hours.   The BOD_ removals were similar to the other periods. 5 
Column 1 BOD5 removal showed a slight decrease from around 97% removal 
-48- 
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to 94% removal.   Table 6 shows once again DAG was degraded in Columns 
1 and 2 but not in Column 3.   Although there was no evidence of DAG, MAG, 
the first degradation product of DAG, appeared in the effluent of Columns 
1 and 2.   Table 7 shows the DAG/MAG results of analyses for Period III. 
The influent concentrations were approximately 300 mg/I DAG for Col- 
umn 1 and 600 mg/I for Columns 2 and 3.   The effluent from Column 1 or 
Column 2 did not contain any DAG (except for one analysis on January 25, 
1980 for Column 2).   However, they did have an average of 89 mg/land 
153 mg/I MAG leaving Columns 1 and 2, respectively.   Once again, be- 
cause the hydraulic detention,T*, in Column 1 was one-half that of 
Column 2, the value of MAG is proportional.   In Period III it ap- 
peared that an upper limit of DAG loading had been reached in Columns 
1 and 2 due to the higher DAG concentraion in the influent.   This was ir- 
respective of the detention time being 57. 4 hours or 28.7 hours. 
The possibility exists that adsorption of the DAG onto the carbon plays 
an important role in the removal of DAG.   It would appear that when 
dealing with a refractory compound such as DAG, the loading of the 
refractory onto the carbon may be as important as the overall loading. 
For example, using Period III data for Column 2, the overall COD load- 
ing was 0.81 Kg/day/m3, while the refractory DAG loading on the car- 
3 
bon was 0.316 Kg/day/m   of carbon media.   In design of an anaerobic 
contact bed to remove an organic refractory compound, this refractory 
-50- 
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loading either expressed as a loading on the media or a loading on the 
overall liquid reactor volume would be an important consideration. 
Another set of gas samples'was taken during Period III and analyzed for 
methane and carbon dioxide.   The results are shown in the following 
table: 
Table 8 
Gas Composition During Period III 
Column Number      Concentration, % By Volume    % CH. 
Methane     Carbon Dioxide 
61 11 84.7 
80 19 80.8 
82 17 82.8 
a 
aof CH„, CO„ Mixture 
b Dry Weight Basis 
As can be seen from Table 8, the percent methane ranged from 81 to 85% 
for the three columns.   This is an increase over the previous period 
where the percent methane was approximately 75%. 
Gas volume was finally measured with the aid of a wet test meter.   The 
average amount of gas produced during the latter half of Period III is 
shown in Table 9. 
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Table 9 
Period til Gas Production 
Column 1 150.5 liters CH /Kg COD Removed 
Column 2 253.6 liters CH  /Kg COD Removed 
Column 3 329.8 liters CH./Kg COD Removed 
The volumes calculated in Table 9 are corrected to standard temperature. 
Also an 80% CH    value was assumed in the calculations.   The theoretical 
gas volume based on the work of previous researchers is 368.3 liters 
CH  /Kg COD removed.   It is noted in Table 9 that only Column 3, which 
was not removing DAG, produced a gas volume near the expected value. 
Columns 1 and 2 which were removing DAG showed low gas production 
values.   However, because of the limited amount of gas volume data, it 
would be a premature conclusion to state that the DAG affected gas pro- 
duction. 
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6.    SUMMARY AND CONCLUSIONS 
This report contains data for one year of operation of three anaerobic 
columns.   Columns 1 and 2 used activated carbon as a media and Column 
3 used anthracite coal as a media.   The purpose of the work was to in- 
vestigate the degradation of a known refractory compound, DAG, an- 
aerobically and, potential enhancement of removal using activated car- 
bon.   The columns were'acclimated on a synthetic feed composed of 
Bacto-Fluid Thioglycollate Medium (FTM), which proved to be easily 
degraded and convenient to use.   Column 3 acclimated with thirty days. 
It was found, however, that the acclimation period was much longer 
(ten weeks) for Columns 1 and 2 with the activated carbon media.   It 
took an addition 90 days for Columns 1 and 2 to acclimate to the re- 
fractory compound, DAG, in the influent. 
The operation of the columns proceeded relatively smoothly throughout 
the year of operation.   During this time several temperature failures in 
the constant temperature chamber occurred, which decreased the tem- 
perature in the columns to 24°C for 24-48 hours.   These sudden temper- 
ature changes had no effect on the treatment level.   Normally the temper- 
ature within the columns was maintained at approximately 32 C. 
Early in the study it was found that a constant volume approach was more 
-54- 
applicable in feeding the columns.   On at least two occasions in each 
column, the media moved upward due to adhesion of the media,   Use of 
the N   purge proved useful in breaking apart the media,   It would be 
recommended from observations in this work that some type of mechanical 
agitation be provided in any future design. 
Throughout the study periods, approximately 1,000 mg/1 of the COD 
was attributable to the FTM,   The other portion of the COD depended on 
the amount of DAG being added to the influent.   The loadings for all three 
periods and the critical parameters are shown in Table 10.   The feed 
also contained approximately 1,250 mg/l total alkalinity as CaC03- 
Maintaining this level of TA prevented any interruption in treatment 
due to hydrogen ion toxicity. 
As shown in Table 10, DAG showed no signs of degradation in Column 3. 
Under the same loading conditins, DAG totally degraded in Columns 1 
and 2 until an influent level of 600 mg/l DAG was reached.   At this level, 
some MAG started to appear in the effluent of Columns 1 and 2.   This 
data shows the enhancement of DAG removal due to the presence of the 
activated carbon.   The data also indicats that there probably is an upper 
limit of refractory loading which is different from the overall COD loading. 
During the study many attempts were made to measure the gas production 
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using the gas laws.   This was not a suitable method in this work because 
the design of the columns allowed for very little volume for gas and also 
because of the unsteady state nature of the feed system,   During Period 
III a wet test meter was used successfully measure the gas production. 
The volume of gas produced in Columns 1 and 2 was lower than volumes 
determined by previous researchers.   Gas composition ranged from 75- 
78% CH4 for Period II to 80-85% CH^ for Period III. 
In summary, the following conclusions can be made: 
- At low loading rates, DAG will degrade in an anaerobic contact bed 
using activated carbon as a media.   DAG will not degrade in an anaer- 
obic contact bed under similar loadings using anthracite coal as a media. 
V 
- At 57.4 hours detention time, COD removal in the anaerobic active 
carbon contact bed varied from 85% to 94% with COD loadings from 0.81 
to 0.59 Kg/day/m3. 
- The acclimation period of the anaerobic activated carbon columns was 
longer, probably due to the initial competing adsorption occurring in 
the columns. 
- When Columns 1 and 2 were acclimated to easily degraded FTM, it took 
an additional 90 days for acclimation to DAG. 
- At the loadings used in this work, 1,250 mg/l total alkalinity was 
-57- 
sufficient to maintain anaerobic treatment. 
Most tests were run at a detention time of 57.4 hours.   No appreciable 
loss in efficiency occurred when the loading was kept constant and the 
detention time reduced to 28.7 hours. 
Gas composition varied from 75-85% CrL.   Limited observed gas pro- 
duction rates per Kg of COD removed were lower for the anaerobic 
columns removing DAG. 
Design of an anaerobic contact bed should include some type of 
mechanical agitation in addition to a nitrogen purge to prevent ad- 
hesion and lifting of the media. 
-58- 
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Table 11 
Ami no Acid Distribution of Sustacal 
Amino Acid g.  per 16 g.   N 
Arginine 4.3 
Histidine 2.8 
Isoleucine 5.4 
Leucine 9.3 
Lysine 7.4 
Methionine 2.7 
Cystine 0.5 
Phenylalanine 5.2 
Tyrosine 4.7 
Threonine 4.0 
Tryptophan 1.2 
Valine 6.4 
Alanine 3.5 
Aspartic acid 8.6 
Glutamic acid 21.0 
Glycine 2.5 
Proline 9.3 
Serine 5.1 
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Table 12 
Nutrient Values of Liquid Sustacal 
Volume 
Calories 
Protein, g 
Fat, g 
Carbohydrate, g 
Vitamin A, IU 
Vitamin D, IU 
Vitamin E, IU 
Vitamin C,  (Ascorbic acid), mg 
Folic acid (Folacin), mg 
Thiamine (Vitamin B-j), mg 
Riboflavin (Vitamin B_), mg 
Niacin, mg 
Vitamin Bg, mg 
Vitamin B.2' mc9 
Biotin, meg 
Pantothenic acid, mg 
Vitamin K-, meg 
Choline, mg 
Calcium, g 
Phosporus, g 
Iodine, meg 
Iron, mg 
Magnesium, mg 
Copper, mg 
Zinc, mg 
Manganese, mg 
Chloride, mg 
Potassium, mg 
Sodium, mg 
100 ml 
100 
6.0 
2.3 
13.8 
464 
37 
2.8 
5.6 
0.037 
0.14 
0.17 
1.9 
0.19 
0.6 
28 
0.97 
4 
16 
0.100 
0.092 
14 
1.7 
38 
0.19 
1.4 
0.3 
156 
206 
092 
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Table 13 
Fluid Thioglycollate Medium   Composition 
Bacto - Yeast Extract 
Bacto - Casitone 
Bacto - Dextrose 
Sodium Chloride 
L - Cystine, Difco 
Thiglycollic Acid 
Bacto - Agar 
Resuzurin, Certified 
5 b g. 
15 g. 
5 g. 
2, 5 g. 
0. .75 g. 
0. ,3 ml 
0. ,75 g. 
0. .001 g 
Difco Product No. B256 (Dehydrated) 
Values are all per liter of finished solution 
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*. 
GAS  READINGS  IN FEET' 
Hours On 3 
Difference (ft ) Date        Column No.           Line Start 
70.866 
Finish 
70.945 2/19 1                            5.5 0.079 
2/20 1                         24 70.994 71.280 0.286 
2/21 1                         24 71.280 71.594 0^314 
2/22 1                         24 71.595 71.813 0.216 
2/23 1                         24 71.813 72.127 0.314 
2/24 1                           24 72.127 72.617 0.490 
2/25 1                           24 72.620 72.928 0.308 
2/26 I                          24 72.929 73.230 0.301 
Average of 24 hour runs 0.318 
2/27 2 18 73.368 73.593 0.225 
2/28 2 24 73.593 73.965 0.372 
2/29 2 24 73.965 74.368 0.403 
3/1 2 24 74.369 74.725 0.356 
3/2 2 24 74.725 75.014 0.289 
3/3 2 24 75.014 75.316 0.302 
3/4 2 24 75.316 75.782 0.466 
Average of 24 hour runs 0.365 
3/6 3 19 76.151 76.280 0.129 
3/8 3 24 76.280 76.670 0.390 
3/9 3 24 76^670 77.040 0.370 
3/10 3 24 77T040 77.368 0.328 
3/11 3 24 77.421 77.696 0.275 
3/12 3 24 77.696 78.024 0.328 
3/13 3 24 78.024 78.251 0.227. 
b.299 3/17 3 24 79.599 79.898 
3/18 3 24 79.898 80.189 0.291 
3/19 3 24 80.189 80.473 0.284 
Average of 24 hour runs 0.292 
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